Lipofection involves the introduction of foreign genetic efficiency of lipofection under standardized conditions and information into mammalian cells through the use of lipoalso compensates the serum-mediated inhibition of lipofecphilic reagents that enhance cellular uptake of polynucleotion. Although the degree of the polybrene effect depends tides. Despite the use of currently optimized lipofection on the nature of the cell line, these results indicate that conditions, including the use of serum-depleted media, the individually optimized concentrations of polybrene can be efficiency of gene transfer is often low. We show here that, useful for increasing the efficiency of lipofectin-mediated in a variety of cell lines, polybrene markedly enhances the gene transfer in vitro. Although it is a widely used gene transfer technique that has permitted gene introduction into many previously nontransfectable cells, lipofection is hampered by several disadvantages 5-7 including low gene transfer efficiency in some cell types, instability and serum-induced inactivation of the DNA-lipid complex and cell toxicity of the lipofection procedure. In most cell lines, cationic liposome-mediated transfection requires serum depletion. 1, [8] [9] [10] A number of approaches have been taken to overcome these disadvantages. Hofland et al 9 reported the formation of stable DNA-lipid complexes that retain their efficiency of gene transfer even in the presence of serum in culture medium and that remain active for up to 3 months. Mizuguchi et al have reported that the fusigenic liposomes formed by cationic lipid-DNA complex and Sendai virus retained 70% of their transfection efficiency even in the presence of 40% fetal bovine serum (FBS) in contrast to the virtual inactivity of complexes formed without Sendai virus, even in the presence of as little as 5% serum.
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Cationic lipid-mediated gene transfer (lipofection) is a simple and efficient technique for introducing foreign genetic information into cultured mammalian cells.
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Although it is a widely used gene transfer technique that has permitted gene introduction into many previously nontransfectable cells, lipofection is hampered by several disadvantages [5] [6] [7] including low gene transfer efficiency in some cell types, instability and serum-induced inactivation of the DNA-lipid complex and cell toxicity of the lipofection procedure. In most cell lines, cationic liposome-mediated transfection requires serum depletion. 1, [8] [9] [10] A number of approaches have been taken to overcome these disadvantages. Hofland et al 9 reported the formation of stable DNA-lipid complexes that retain their efficiency of gene transfer even in the presence of serum in culture medium and that remain active for up to 3 months. Mizuguchi et al have reported that the fusigenic liposomes formed by cationic lipid-DNA complex and Sendai virus retained 70% of their transfection efficiency even in the presence of 40% fetal bovine serum (FBS) in contrast to the virtual inactivity of complexes formed without Sendai virus, even in the presence of as little as 5% serum. 10, 11 Recently, Yang and Huang 12 have reported that inactivation of cationic liposome by serum is due to negatively charged serum proteins and that it can be overcome by increasing the charge ratio of cationic liposome-DNA complexes.
The polycation polybrene is used routinely to enhance the efficiency of retrovirus vector-mediated gene transfer. 13 concentrations of polybrene required for optimum retrovirus-mediated gene transfer increase with increasing concentrations of serum. Gao et al 16 and Sorgi et al 17 have also reported that the efficiency of cationic liposomemediated gene transfer in vitro can be greatly enhanced by the use of polycation. They added the polycation during the DNA-lipid complex formation, resulting in reduced particle size and higher gene transfer efficiency of the complex formed between DNA and cationic liposomes. Li and Huang 18 have recently reported enhanced in vivo gene transfer with DNA-lipid complexes formulated in the presence of protamine sulfate.
We show here that addition of polybrene into culture medium significantly enhances gene transfer by lipofection and also abrogates the serum-mediated decrease of lipofection efficiency in some cell lines.
The data presented in Figure 1 demonstrate that the efficiency of gene transfer by lipofection in BHK and 208F cells was increasingly inhibited by increasing concentrations of FBS in the absence of polybrene. In the presence of polybrene, the FBS-mediated inhibition was reduced 20-fold in 208F cells and 40-fold in BHK cells and the absolute efficiency of lipofection remained close to that found in serum-free conditions. Figure 2 illustrates the effect of increasing concentrations of polybrene on the efficiency of lipofection of BHK and 208F cells in the presence of varying serum concentrations. In the absence of serum, BHK cells responded to the presence of polybrene with an initial slight increase of lipofection-mediated gene transfer efficiency at low (4 g/ml) polybrene concentrations followed by a steadily decreasing efficiency with increasing polybrene concentrations. Higher concentrations of polybrene were required with increasing serum concentrations to achieve the same maximal gene transfer efficiency. In the case of 208F cells, lipofection efficiencies in the absence of serum were low and unchanged, while lipofection in the presence of serum was more efficient with increasing polybrene concentrations. While high concentrations of polybrene often lead to cellular toxicity that can also be compensated by serum, such polybreneinduced toxicity was not observed under conditions shown in Figure 2 . Figure 3 demonstrates the lipofection efficiency of a number of additional cell lines. In all cells except HT1080 cells, lipofection efficiency was markedly inhibited by the addition of FBS to the culture medium and the inhibition was abrogated by polybrene. The effect of polybrene in the absence of serum was variable, and polybrene abrogated the serum inhibition of lipofection efficiency to a different extent in the cells tested. In the case of HT1080 cells, serum did not detectably inhibit lipofection efficiency but polybrene strongly enhanced the efficiency in the presence of serum. In addition to the lipofectine, we have examined other lipofection reagents, including LipofectACE and Lipofectamine (GIBCO/BRL) and have observed similar enhancing effects with polybrene (data not shown).
is expressed as relative light units per microgram protein in cell lysates. Cells were grown in Dulbecco's modified Eagle's medium (DMEM) containing 10% (vol/vol) fetal bovine serum (FBS) in a 10% CO 2 atmosphere at 37dgC. 208F and BHK cell lines have been described in previous publications. 20 Lipofectin was obtained from GIBCO BRL/Life Technologies (Grand Island, NY, USA). Polybrene was purchased from Sigma (St Louis, MO, USA). All lipofections were performed with cells grown to approximately 80% confluency in 12-well microtiter plates. Cells were washed twice with DMEM and fresh DMEM containing varying concentrations of FBS with or without polybrene was added. The DNA-liposome complex was prepared according to the manufacturer's recommendations by adding 2.5 g of lipofectin to 50 l of DMEM. After incubation for 30 min at room temperature, the lipofection complex was mixed with
Mizuguchi et al 10 speculated that the inhibition of lipofection efficiency by serum could be due to the degradation of plasmid DNA by serum nucleases. However, the variable serum inhibitory effects in different cell lines suggest that other factors also influence lipofection efficiency, including possibly different cell-derived elements in the conditioned media of the cells or intracellular events associated with transfection. Since the mechanisms of the serum inhibition are not entirely understood, it is difficult to speculate on the rescuing effect of polybrene. It is thought that cationic lipophilic agents form complexes with DNA through electrostatic interactions and that the DNA-liposome complexes bind to the negatively charged cell surface through excess positive charges on the complex. 5 Interactions of polybrene, the DNA-liposome complex, the cell membrane and serum components are likely to play a role in attachment of the complex to the cell membrane and in the resulting endocytosis or the membrane fusion events required to release the DNA into cytoplasm. In fact, it has very recently been found that the inhibitory effect of serum on lipofection can be overcome by increasing the charge ratio of cationic liposome to DNA. 12 A number of polycations, including polybrene, are known to enhance the efficiency of retroviral infection, probably by mechanisms that include stabilization of the interactions between negatively charged membranes of target cells and negatively charged virus envelopes. 13, 19 The results presented in this study demonstrate that cells that require serum maintenance can be efficiently lipofected in the presence of polybrene and that polybrene is useful for maximizing lipofection-mediated gene transfer into a variety of mammalian cells.
